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Cross-refPrPnre to Related Applications 
' This application is a continuation-in-part of u S 

Patent Application 08/922 299 f n , „ 

^ un ua/y 2 2,292, filed September 3, 1997 and 

also claims the benefit of PCT Patent Application 
US9 8/ , 8 4 01 , filed Septet 3, 19 98 and designating the 
United States. a 

BackaronnH pf thft invention 
This invention relates to loop material, 
particularly to material t-^ k« 

to form „ / . tSrlal t0 be «>saged with hooking members 
to form a fastening, to its manufacture and use, and to 
fasteners comprising such loop material. 

in the production of woven and non-woven materials 
« xs common tc for. the material as a continuous web that' 
is subsequently spooled. m woven and knit loop materials, 
loop-forming frlaments or yarns are included in the 
structure of a fabric to form upstanding loops for engaging 
hooks. As hook-and-loop fasteners find broader range! of 
application, especially in inexpensive, disposable products 
some forms of non-woven materials have been suggested to 
serve as a loop material to reduce the cost and weight cf 
the loop product while providing adequate closure 
performance in terms of peel and shear strength 
Nevertheless, cost of the loop component has remained a 
ma:or factor limiting the extent of use of hook and loop 
fasteners. ^ 

To adequately perform as a loop component for touch 
fastening, the loops of the material must be exposed for 
engagement with mating hooks. Unfortunately, compression of 

staLr te r al dUri " 9 PaCka91 " 9 ^ SP °° lin9 tends to «•"« 
standing loops. In the case of diapers, for instance, it is 



desirable that the loops of the loop material provided for 
diaper closure not remain flattened after the diaper is 
unfolded and ready for use. 
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Summary o f the Invention 
We have realized that non-woven fabrics constructed 

wen T^T- StrUCtUral fSatUreS ™ capable of functioning 
well for thexr intended purpose as hook-engageable loop 
fabrics, while providing particular advantage in regard to 
expense of manufacture and other properties. 

According to one aspect of the invention, a loop 
component of a hook and loop fastener is provided. The loop 
component has a nonwoven body of fibers with a basis weight 
of less than about 4 ounces per square yard (preferably, 
less than about 2 ounces per square yard) . The fibers form 
a sheet-form base containing taut sections of fiber 
extending within a common plane between tightened knots of 
fibers, and a great multiplicity of loop formations 
dispersed across the base. Each loop formation has a trunk 
of fibers drawn together by taut fibers of the base and 
extending from an associated knot in the common plane of the 
base, and multiple hook-engageable loops formed of fibers of 
the trunk and extending from the trunk for engagement by 
hooks of a mating component. 

In some embodiments, the majority of fibers forming 
the trunks and hook-engageable loops are crimped. 

In some embodiments, the knots of the base each 
correspond to an associated previous penetration of the body 
of fibers by a needle. The body of fibers, in some such 
cases, may include crimped staple fibers. 

In some loop components, the fibers comprising the 
trunks of the loop formations are secured together by a 
cured binder in interstices within the trunks. Preferably 
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the cured binder composes between about 20 and 40 percent o£ 
the total weight of the body of fibers. 

in some cases, the fibers comprising the trunks of 
the ioop formations are secured together by fused surface 

trunks" ° £ " 1SaSt S ° me ° f £iberS Rising the ' 

In SOme the fibers comprising the trunks of 

the loop formations are secured together by interlocking 
crimps of the fibers. 

" in some embodiments, at least some of the fibers 

comprising the trunks of the loop formations each have a 
thickness that undulates along their length. 

For some applications, the loop component also 
Q includes a resilient layer of foam laminated to the base of 
1" the body of fibers. 

S , A layer o£ resin ls - for some applications, 

- lammated to the base of the body of fibers. The resin 

j ; layer may form hook projections shaped to engage the loops 

w of the component, for instance. 

[20 Preferably, the hook-engageable loops extend to an 

S ZZT h h8i9ht ' mSaSUred 33 P^icular ^stance 

g from the sheet-form base, of between about 0.020 and 0.060 

O "eh, and the average loop height is between about 0 5 and 
r- 0.8 times the overall thickness of the body of fibers 
25 (defined to include the sheet-form base and a majority of 
the loops) . 

The sheet-form base has, in presently preferred 
embodiments, between about 50 and 1000 tightened knots per 
square inch of area, from which hook-engageable loop 
3 0 formations extend. 

In some preferred configurations, the body of fibers 
is generally composed of fibers having a tenacity of at 
least 2.8 grams per denier. 
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For some important applications, the loop component 
preferably has a Gurley stiffness of less than about 300 
milligrams . 

By "hook-engageable" and similar terms used above 
5 and throughout this specification, we mean that the loop ' 
material defines openings of size adequate to receive the 
tip or head portion of a male fastener element (such as a 
hook-shape or mushroom- shape element, for instance) for 
fornung a fastening, and that the openings are exposed and 
10 extended for engagement. 

By the word "entanglements" we mean that the nodes 
at whxch a multiplicity of fibers are intertwined in the 
non-woven web. These entanglements may be relatively loose 
as formed directly by a needling process, for instance, or ' 
tightened after formation of the entanglements. By the word 
"knots" we mean entanglements that have been tightened by 
applying tension to their intertwined fibers in at least one 
direction in the plane of the web, and remain in an at least 
partially tightened state. 

By "stabilized", we mean that the web is processed 
to generally maintain its planar dimensions. In other 
words, a web "stabilized" in a stretched condition will 
generally maintain its stretched dimensions and not 
significantly relax or stretch further under conditions of 
normal use. One way of "stabilizing" the web, for instance 
is by solidifying binder at a significant proportion of its 
entanglements . 

We have also realized that such loop fabrics as just 
described are advantageously produced by employing certain 
manufacturing techniques and methods. 

According to another aspect of the invention, a 
method of forming a loop fastener component is provided. 
The method includes the steps of: 



- 4 



10 



'3.5 



= 20 



25 



30 



(1) providing a sheet -form mat of fibers; 

(2) tensioning the base fiber by applying tension 
across the width of the mat, thereby forming a tensioned 
web ; and 

(3) stabilizing the web in its tensioned state. 

The mat includes at least one base fiber of a length 
greater than the width of the mat and extending 
substantially across the mat, and loop fibers freely 
disposed within the mat. The tensioned web is formed by 
discrete, taut portions of base fiber extending between 
tightened entanglements. Relative movement between portions 
of the base fiber during tensioning draws together portions 
of the loop fibers to form upstanding, hook-engageable loops 
extending from the entanglements within the tensioned web 
The stabilized web and loops have a combined weight of less 
than about 4 ounces per square yard. : 

In some cases, the step of stabilizing includes 
solidifying a binder within the entanglements of the 
tensioned web. 

Preferably, the step of tensioning increases the 
width of the mat by at least 20 percent. 

In some embodiments, the step of providing a sheet - 
form mat of fibers includes continuously spinning the base 
fiber onto a supporting surface in a predetermined, 
overlapping pattern. In some cases, a pulsating air jet is 
impinged against the base fiber under conditions which cause 
the fiber to assumed a crimped form as it is spun. 

In some embodiments, the base fiber has a 
cross-sectional property, such as thickness or cross- 
sectional area, that varies along its length. 

According to another aspect of the invention, a 
method of forming a loop fastener component for hook-and- 
loop fastening includes stretching a generally planar non- 
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woven bate of entangled fibers by at least 20 percent 

preferably, at least 50 percent, in ac leasc one direction 
in its plane, thereby producing a stretched web of weight 
less than about 4 ounces per square yard and having a 
5 generally planar web body with hook-engageable loops 

extending therefrom. A substantial number of fibers of the 
body are regionally taut in the piane of the web body as a 

ZZlll T T tchin9 ' and extend in di£f — 

10 b , ° £ l0 ° PS - ^terwards, the web is 

10 stabilized in its stretched condition. 

Preferably, the batt is retained against shrinking 
in a perpendicular direction within its plane during 
stretching. 

C3 In S ° me emb °diments ( after stretching the batt in 

£5 one direction the batt is stretched by at least 20% in 

3 T thSr ' P6rPendiCUlar direction ' m some other cases, the 

# batt 1S simultaneously stretched by at least 20% in two 
.M Perpendicular directions within the plane of the batt 

•f 0 . The stretch -9 preferably causes the regionally taut 

.20 f lb ers of the web body to be trained about loop-forming 

T fibers in the bases of the loops, the batt being stretched 

„ in a manner that the loop-forming fibers form free-standing 

* formations that extend from the plane of the web body, each 
; formation containing multiple fibers and forming multiple 
25 hook-engageable loops. 

According to another aspect of the invention, a 
method of forming a loop fastener component for hook-and- 
loop fastening includes the steps of: 

, n , „ U) Pr ° vidin 9 a generally planar length of non-woven 

3 0 batt of entangled fibers, the batt having a thickness that 

varies across its width from one longitudinal edge thereof 

to an opposite longitudinal edge thereof; 
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(2) stretching the batt widthwise, thereby 
increasing the width of the batt by at least about 20 
percent and producing a stretched web having a generally 
Planar web body with hook- engage able loops extending 
therefrom (a substantial number of fibers of the body being 
regionally taut in the plane of the web body, and extending 
xn different directions radiating from bases of the loops) - 
and then y ' 

(3) stabilizing the web in its stretched condition 
Advantageously, the stretching causes the thickness of the 
batt to become substantially uniform over its width 

Preferably, the stretched batt has weight less than 
about 4 ounces per square yard. 

In some preferred embodiments, the stretched batt 
has width at least about twice the width of the batt prior 
to stretching. 

The invention can provide a very inexpensive loop 
product which can very effectively engage and retain hooks 
such as in hook -and -loop fasteners. The loop product can be 
particularly useful in combination with extremely small 
inexpensive molded hooks as fasteners for disposable 
products, such as diapers, medical devices or packaging We 
have found, for instance, that the structure of the extended 
"loop trees- of the material, described below in more 
detail, helps to prevent permanent flattening of the loops 
and provides some advantageous crush resistance. 

Brief Description of hh e Drawing s 

Fig. 1 is an enlarged side view of a hook-and-loop 
fastener. 

Fig. 2 is an enlarged plan view of a loop fastener 

product . 
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Fig. 2A is a plan view of a loop fastener product, 
enlarged 50X and showing the structure of the web; and Fig. 
2B is a schematic view of the structure shown in Fig. 2A. 

Fig. 3A is a highly enlarged side view of the loop 
fastener product of Fig. 2; Fig. 3B is a sketch of the 
structure in the foreground of Fig. 3A; Fig. 3C is a highly 
enlarged plan view of a portion of the loop fastener product 
of Fig. 2. 

Fig. 4A is an enlarged side view of a hook-and-loop 
product made by ultrasonically welding a loop product to a 
hook product. Fig. 4B illustrates a two-sided fastener 
product formed with loops on one side and hooks on the 
other. 

Fig. 5 illustrates a machine and process for forming 
the product of Fig. 4B. 

Fig. 6 illustrates a loop material containing 
longitudinal fibers. 

Figs. 7A-7C sequentially illustrate the formation of 
a loop tree. 

Fig. 8 is a top view of an apparatus for making a 
nonwoven fabric . 

Fig. 9 is a side elevational view of the apparatus 
of Fig. 8. 

Fig. 10 shows an alternative arrangement of the 
second needling stage of the apparatus of Fig. 9. 

Figs. 11 and 11A are plan and side views, 
respectively, of a batt of needled material after the second 
needling stage. 

Fig. 12 is a schematic view of an apparatus for 
stretching and stabilizing a nonwoven material. 

Figs. 12A and 12B are enlarged views of area 12A in 
Fig. 12 under two different conditions of operation. 
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Fig. 13 is a top view illustrating another process 
for forming a stretched, entangled fiber batt. 

Fig. 13A is a side view of the process illustrated 
in the left half of Fig. 13. 

Figs. 14A-14C are transverse cross-sections through 
a fiber batt that illustrate, sequentially, stretching of a 
batt of non-uniform thickness slit from a needled batt. 

Fig. 15 is an enlarged illustration of a fiber of 
varying cross -sect ion. 

Fig. 16 shows a stretched loop, product laminated to 
a layer of compliant foam. 

Descrip tion of Embodiment- s 
Referring first to Fig. 1, a molded hook fastener 
product 10 is shown engaging the loops of a very thin loop 
product 12. The photograph is quite enlarged, as shown by 
the scale on the left side of the photograph. The minor 
divisions of the scale each represent :a length of l/64th 
(0.0156) inch (0.40 mm). Hook product 10 is of the CFM-29 
designation, available from Velcro U.S. A Inc. of Manchester, 
New Hampshire, U.S.A., and has hooks of only 0.015 inch 
(0.38 mm) height. Referring also to Figs. 2 and 2A, loop 
product 12, a feature of the present invention, is very thin 
(as evidenced by the scale of the photographs and its lack 
of opacity) and has relatively free fibers forming loops 
extending from one side of a continuous, tangled mat of 
fibers. In this and the following photographs all scale 
graduations, unless otherwise marked, are in 0.0156 (1/64) 
inch (0.40 mm) increments. 

As shown in Fig. 2, and especially in Fig. 2A, a 
substantial number of the fibers of the mat of loop product 
12 are taut (i.e., not slack, regionally straight), 
extending between knots 18 of the loop product fabric. The 
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taut fibers have been pulled taught by stretching the mat of 
tangled fibers in at least one direction in the plane of the 
fabric mat. Preferably, the mat is held against shrinking 
m one direction as it is stretched in a second 
perpendicular direction. More preferably, the mat is ' 
simultaneously stretched in two perpendicular directions 
The individual fibers of the mat follow no definite pattern 
as m a woven product, but extend in various directions 
within the plane of the fabric mat. The loops that extend 
from the loop product are of the same fibers that comprise 
the mat but extend beyond the general mass of the mat, out 
of the plane of the mat, generally from associated knots is 
The knot density of the sample shown in the photograph was ' 
determined to be approximately 180 knots per square inch by 
counting the number of visible knots within a given square 
area. The knots themselves are fairly tight, made up of 
several monofilament fibers, and are interconnected by the 
taut fibers seen running between them. In between knots 
the thin fiber mat is not very dense and is sheer enough' to 
permit images to be readily seen through it. For low cost 
application, the fabric preferably weighs less than about 2 
ounces per square yard (68 grams per square meter) . 

In this particular embodiment, the fibers of the mat 
are held in their taut, straightened condition by a water- 
based, acrylic binder (not visible in the photograph) 
applied to the side of the mat opposite the loops to bind 
the mat fibers in their taut condition to stabilize the 
areal dimensions of the fabric, and to secure the loops at 
their associated knots. The binder generally ranges 
between 20 and 40% of the total weight of the fabric and in 
the presently preferred embodiments accounts for about one 
third of the total product weight. The resulting fabric is 
dimensionally stable and strong enough to be suitable for 



- 10 - 



10 



15 



L. 20 



F3 5 

S I! !; 



25 



30 



further processing by standard fabric-handling techniques 
The fabric also has a slight stiffness, like a starched 
felt, which can be mitigated by softeners or mechanical 
working if desired. 

The schematic view of Fig. 2B illustrates the 
structure of planar web 12, as viewed from one face of the 
web. in this view, the loop-engageable loops extend out of 
the plane of the web, from one side. Web 12 is composed of 
a non-uniform distribution of entangled fibers, with 
relatively high concentrations of the fibers at the bases 
B, of corresponding loop structures, and relatively lower' 
concentrations of the fibers in regions, R, lying between 
loop bases, B. The relatively high concentrations of fibers 
at bases B correspond to tightened fiber entanglements As 
illustrated in this sketch, and visible in Fig 2A a 
substantial number of the fibers in the regions, R, between 
loop bases are taut in the plane of the web, extending in 
different directions radiating from loop bases, B By 
"taut", we mean that a large percentage of these inter-base 
fibers have no give or slack, such that they may transmit an 
applied tensile force with little or no displacement. We 
believe that the taut fiber portions extending across the 
sparse regions between loop bases account for some of the 
benefxcial properties of the loop product, giving it a 
perceptibly high strength-to-weight ratio as a fastener 
component . 

Near the center of both Fig. 2A and Fig. 2B is a 
particularly visible loop base B, from which taut fibers can 
be seen emanating in a radial pattern. Also note that there 
are some fibers which are wrapped at least partially about 
other fibers of the loop base. These wrapping fibers are so 
wrapped as the result of stretching, during which 
straightening fibers encounter loop fibers extending through 

- 11 - 



he planar web . As the web , s furcher ^ 

web^ ° bStrUCti0nS ab ° ut "hich the straightening 

web base fibers are trained aa they are displsced within the 
web plane. Thus the bases, B, of the ioop structures 
contarn both portions of the ioop- forming fibers extending 
both rn and out of the piane of the web, and trained 
portions o, taut fibers l ying generaily only i„ the plane of 
he web. The trained portions of the taut fibers within the 

10 he defrnttxon of the free-standing loop forgone, when 
the web ls stabilized by binder, for instance, these bases B 
become relatively rigid nodes and, importantly, provide 
anchoring for their associated loop structures. Thus the 
stretched and stabilized web, in some respects, resembles a 

15 planar truss, with its taut radiating fibers forcing tensile 
members between base nodes. As the taut fibers may be 
readily .. b ent» out of their plane as the web flexes, the 
structure retains an advantageously high flexibility while 
resting elongation and shrinkage within its original 

20 plane. 

The individual fibers of loop fabric 12 she™ in 
Fig. 2 have low denier and substantial tenacity (i e 
tensile strength per unit diameter) to work with very' small 
hooks such as those illustrated in Fig. i. Fibers „ ith 
25 tenacity values of at least 2.8 grama per denier have been 
found to provide good closure performance, and fibers with a 
tenacity of at least 5 or more grams per denier (preferably 
even 8 or more grams per denier) are even more preferred in 
many instances. In general terms for a loop-limited 
.0 closure, the higher the loop tenacity, the stronger the 
closure. The fibers of fabric 12 of Figs, x and 2 are 6 
denier staple polyester fibers (cut to four inch lengths) 
and as a result of the method of the manufacture, are in a 
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drawn, molecular oriented Qh 3 t- D u- ■ 

_ "ented state, having been drawn with a 

dr.w ra 10 or at least 2 : 1 (1 . e . , to at least twice their 

original length, under cooling conditions that enable 

of about 3 6 grams per denier. The fibers in this example 
are of round cross-section and are crimped at about 7 5 
crimps per inch (3 ori raps per cm) . "such fibers are ' 
available from E.I. Du Pont de Nemours S Co., Inc in 

6X4. The loop fiber denier should be chosen with the hook 
size in mind, with lower denier fibers typically selected 

I 1 w US !"" h Sma11 - *»<*-■ For lowicycle appiications for 
use with larger hooks (and therefore preferably larger 
diameter loop fibers) f,'Wo i 
15 employed. ^ ' flb - of l OW er tenacity may be 

As an alternative to round cross-section fibers 
fibers of other cross-sections having angular surface 
aspects, e.g. fibers of pentagon or pentalobal cross- 
section, can enhance knot tightening for certain 
20 applications. Reqardlesc* of t-h= - ^ 

t . . „. . 3 ss o£ the Particular construction of 

the individual fibers, they, are selected to have a surface 
character that permits slippage within the knot-forming 

entanglements during tiqhtenina = n ao 

y ^yncenmg so as to enable stretchinq 

the batt without undue fiber breakage. 
" , K , Referrin 9 to Figs. 3A and 3B, the loops 14 of loop 
fabric 12 project primarily from one side of the fabric 
The stabilizing binder, in this case, is applied to the' 
other side. The loop product is extremely thin for use with 

.0 ZZ T h \ h T' ^ Pr ° dUCt Sh ° Wn ' f ~ ' -ks 

»0 we 1 with hooks of about 0.015 inch (0.4 mm) height and has 

a loop height h L (i.e., the height of loops 14 from the near 

general surface of fiber mat i 6 , of about 0.055 inch (1 40 

mm) . The loop product has an overall thickness, t 
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inc uding a majority of the loops , of only about 0 ^ 
>2.3 „, When measuring loop height in products without a 
visibly distinguishable upper mat surfaoe, we define the 
near surfaoe of the mat to be the lowest planar surfaoe 
above about 80 percent of the total mass of fibers The' 
loops of the loop structures preferably vary in height for 
good engagement, and the average loop height (i e the 
distance from the top of the loop to the near surface of the 
mat) should generally be at least about the height of the 
hooks with which the loop product is to be used, and 
preferably between 2 and !0 times the head height of the 
hooks used for applications requiring good shear strength 
importantly, individual loops of the loop structures should 
be large enough to accept the head of an individual hook. 
For fasteners which are primarily loaded in peel, or by 
loads perpendicular to the plane of the base, the loops may 
be up to 15 times the head height of the hooks For 
example, for use with 0.015 inch (0.4 mm, CFM-29 hooks 
(which have a head height of 0.006 inch or 0.15 mm), the 
average height h„ of the loops should be between about 0 012 
and 0.060 inch ,0.3 and 1.5 m) f or good ahear performance . 
For use with 0.097 inch (2.5 mm, cfm-24 hooks (which have a 
head height of 0.017 inch or 0.43 mm and are also available 
from Velcro U.S.A. Inc.), the average height of the loops 
should be at least 0.035 inch (0.89 mm, and may be as high 
as 0.250 inch (6.4 mm, for applications focusing on peel 
loading. For low cost, flexible loop fabrics, the average 
loop height should generally be between about 0.020 and 
0.060 inch (0.5 and 1.5 mm), and should be between about 0 5 
and 0.8 times the overall thickness, t, of the loop product 

As seen in Figs. 3A and 3B, loops 14 extend from 
free-standing clusters of loop fibers extending from the 
fibrous mat 16. The clusters 20 which have several mono- 
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filament loops 14 extending from a common elongated 
substantialiy vertical trunk 22 we call "loop trees" 
Another example of a "loop tree" is seen in Fig. 3C. Each 
loop tree 20 extends from a corresponding knot 18 in whi^h 
the loops of the cluster are anchored. Interstices between 
individual filaments in the trunk portion 22 and base of 
each tree, and in each knot 18, provide paths for the 
wicking of liquid binder, under the influence of surface 
tension of the liquid binder, to provide additional 
localized stiffness and strength. The vertical stiffness of 
the trunk portion 22 of each tree, provided both by the 
bundling of multiple trunk fibers by circumscribing fibers 
of the base and by the cured binder, helps the trees to 
"stand proud", or erect, to present their associated loops 
for engagement. This vertical stiffness acts to resist 
permanent crushing or flattening of the loop structures 
which can occur when the loop material is spooled or when 
the finished product to which the loop material is later 
joined is compressed to be fit into packaging. Resiliency 
of the trunk portion 22, especially at its juncture with the 
base, enables trees that have been "toppled" by heavy crush 
loads to right themselves when the load is removed The 
trunk portions 22 should not be too stiff at their interface 
with the base of the loop material, otherwise the material 
would lose its soft hand and be less useful for garment 
applications . 

Importantly, the density of clusters in the plan 
view is very low (Figs. 2 and 2A) , leaving sufficient room 
between the "branches" of neighboring trees to accommodate 
hooks and deflected loop material during engagement. By 
leaving adequate room between neighboring loop trees, the 
heads of many of the hooks of a mating material extend down 
to the base of the loop material during engagement, without 
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flattening the loop structures. This high penetration rate 
helps to provide a high engagement rate as the penetrating 
hooks grab loops as a result of very small relative shear 
motion between the hooks and the loops while the loop forest 
is thus penetrated. 

Accumulations of solidified binder 21 can be seen in 
the knots in the highly magnified plan view of Fig 3C 
Applied in liquid form in this example, preferably before 
the knots are tightened, the binder contributes to securing 
the loops against being pulled out of the web. 

Referring back to Fig. lf with proper clearance 
between loops for the accommodation of hooks, the fully 
engaged fastener (i.e., the loop product and mating hook 
product together) has an overall thickness of only the sum 
of the thickness of the hook product (including hooks) and 
the "ground" portion of the loop product (i.e the 
thickness of the mat 16 between loop clusters, Fig 3B) m 
other words, the free standing loops of the loop product do 
not add to the thickness of the completed fastener. Because 
of the ultra-thin ground portion 16 of the loop product 
disclosed herein (see Fig. 3B) , the combination of loop 
product 12 with mating hook product 10 provides a fastening 
of very small thickness. For example, the engaged fastener 
of Fig. l has an overall thickness of only about 0.050 inch 
(1.3 mm; thinner, in this case, than the overall thickness 
of the unengaged loop product, as the taller loop clusters 
are somewhat compressed by the hook product engaged with 
shorter loop clusters) . 

In addition to being advantageously thin, loop 
fabric formed according to the new principles is 
particularly flexible. Flexibility can be very important in 
some fastener applications, especially when the fastener 
must flex during use, as when used on an article of apparel 
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in such mstances. the loop product of the invention should 
have a bending stiffness of less than about 300 milligrams, 
preferably less than about 100 milligrams, as measured with 
a Gurley stiffness tester. More details on the use of 
Gurley stiffness testers can be found in Method T 543 OM-94 

published in 1984 by the Terhni r.= i ». ■ 

y '-ue recnnical Association of Puln and 

Paper (TAPPI) . " p 

Various synthetic or natural fibers my be employed 
m the invention. in some applications, wool and cotton may 
provide sufficient fiber strength. .Presently, thermoplastic 
staple fibers which have substantial tenacity are preferred 
for making thin, low-cost loop product that has good closure 
performance when paired with very small molded hooks For 
example, polyolefins (e.g., polypropylene or polyethylene), 
15 polyesters (e.g., polyethylene terephthalate) , polyamides 

(e.g., nylon), acrylics and mixtures-, alloys, copolymers and 
coextrusions thereof are suitable. Polyester is presently 
preferred. 

For a product having some electrical conductivity a 
small percentage of metal fibers may be added. For 
instance, loop products of up to about 5 to 10 percent fine 
metal fiber, for example, may be advantageously employed for 
grounding or other electrical applications. 

Various binders may be employed to stabilize the 
2 5 fabric. By "binder" we mean a material within the mat 

(other than the fibers forming the main fastener loops) that 
secures the loop fibers at associated knots. m some 
applications, the binder is an adhesive. In other 
applications, the binder is in the form of fibers of low- 
melt polymer dispersed throughout and entangled within the 
fabric. These low-melt fibers are melted to wet the knot- 
forming entanglements and then cooled and solidified to 
secure the loops and stabilize the fabric. The binder 
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preferably fully penetrates and permeates the interstices 
between individual fibers in the entanglements o£ the .at 
When employing a liquid binder, the binder is preferably 
selected to have a sufficiently low viscosity and surface 
tension to enable it to flow into the untightened (or ' 
tightening, entanglements. In the embodiments in which the 
entanglements are subsequently tightened (such as the loon 
product shown in Pig. 2) , chis selected dlstributlon Qf ^ 
fluid binder helps to secure the knots with minimal 
stiffening of the overall product and without requiring 
substantial amounts of binder. 

In any event, the amount and penetration of the 
binder should be selected to avoid substantial interference 
with the desired hook-engaging function of the loops while 
adequately stabilizing the mat and securing the loops 
against being pulled from their associated entangl eme nts . 
For use in applications in which the loop product may come 
m dxrect contact with sensitive skin, such as in diapers 
the amount and type of binder should also be selected to be 
biocompatible to avoid skin irritation. Formaldehyde -free 
binders, for instance, are preferred. As irritation can be 
aggravated by stiffness, preferably only enough binder to 
perform the above functions is applied, m some 
applications, for instance those in which the loop product 
is dxrectly adhered to a supporting fabric and which does 
not require substantial fastener strength, the loop product 
may be provided without a binder. 

In important instances, the binder also includes an 
organic or inorganic f ire-retardant , such as antimony oxide 
zinc borate, aluminum trihydrate or decabromobiphenyl oxide 

The specific loop product 12 of Figs, i and 2 
includes about one third by weight water-based acrylic 
binder produced by mixing 80 parts "NACRYLIC" X-4280, a 

- 18 - 



self-reactive acrylic emulsion, with 20 parts "X-LINK" 2804 
a self-crosslinking, polyvinyl acetate/acrylate emulsion 
both available from National Starch and Resin Company in 
Bndgewater, New Jerse y. As produced, loop product 12 
substantially consists only of the drawn fibers of the thin 
mat, some of which extend out of the mat to form loops, and 
the binder. Without any additional backing or laminate, it 
ib strong enough to be handled as a fabric material, and may 
be applied to surfaces as a closure member by sewing 
ultrasonic welding, adhesive, radio frequency welding, or 
other known attachment means. Fig. 4A, for instance, shows 
a hook-and-loop product 22 formed by ultrasonically welding 
a Piece of the loop material 12 of Fig. 2 to a piece of CFM- 
29 hook product. The resulting product 22 can be formed 
into a closed band by engaging its loops with its hooks. 

Referring to Fig. 6, another loop fabric material 26 
includes, in addition to the drawn, molecularly oriented 
randomly laid fibers previously described, continuous robust 
longitudinal monofilament fibers 28 extending substantially 
in one direction to augment the tensile strength of the 
finished fabric in the direction of the strands. For this 
purpose the diameter of the longitudinal monofilaments is 
selected to be larger than the barbs of the needles to 
reduce engagement of the monofilaments by the needles during 
the needling process. Monofilaments 28 are preferably 
crimped to enable them to be stretched a limited amount in 
the machine direction as the fabric is stretched before 
being stabilized. Alternatively, a stretchable scrim of 
similarly large fibers or film may be incorporated into the 
web of fibers to increase tensile strength in both 
longitudinal and lateral directions. 

Fig. 4B illustrates a one-piece fastener product 
consisting of a lamination of the above -de scribed loop 
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maters and molded hock tape. Product 300 has a base 302 
w,th -tegrally molded hooks 3M projecting ^ £ 
and the above -described non-woven loop material l2 secured 
to the other side. At the interface 306 between the wo 
layers the plastic from base 302 flows around and entrap's 
some of the fibers of the base web of loop material J 
encapsulating one face of the web in thermoplastic material 
to form a permanent laminate of the two layers. Because of 
the extremely light nature of the non-woven material of the 
invention, care must be taken to only encapsulate the web 

with h J"! fUnrti ° nal K»P- ~P-ed for engagement 
with hoots 304. The properties of the non-woven materia! 
he viscosity of the plastic and the pressure in the nip ' 
see Fl g. 5, win define the degree to which the piaLic 
flews into the fibrous network, or put aitemately, the 
degree to which the non-woven win i^ed into the plastic 
The resuming laminated product is particularly thin and 
flexible due in part to the thinness of the loop material 

The product of Fig. 4B may be economically formed by 
the process and apparatus illustrated in Fig. s . Extruder 
b re 303 melts and forces the molten plastic 330 through 
die 312 ,nto the nip 314 between base roller 316 and cavity 
roller 318 containing cavities to form the hooks of a strip 
astener of the well known hook and loop type. The strip 
fastener material formed in nip 314 travels around the 

320 ""^ r ° Uer 318 ^ 3rOUnd Stri »-9 -Her 

320, which assists in pulling the finished product 300 from 

the cavity roll, and from there to a windup device, not 
shown. 

While many methods of feeding sheet material to the 
fornung section of the hook forming device are possible 
Fig. 5 illustrates a device particularly well adapted to 
that purpose. By introducing loop material 12 into nip 314 
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at the same time molten plastic 310 is forced into the nip 
the loop material will bond intimately with the fastener to 
become an integral part of the structure of the strip 
fastener. Optionally, a set of pins 322 at the edges and 
around the periphery of backing roller 316 carry the loop 
material 12 into nip 6 in a flat, unwrinkled state To 
assure proper tensioning and alignment of the secondary 
sheet material, a roll 324 of loop material 12 is mounted on 
a let off device and threaded around diversion roller 326 
mto a web straightening device 328, : well known in the art 
as typically sold by the Fife Manufacturing Company which 
assures that the web of loop material is centered as it is 
fed onto backing roller 316 around scroll roll 330, which 
has ribs of elastomeric material to firmly grip the sheet 
and impinge it against backing roller 316 and onto pins 322 
Pins 322 and roller 316 deliver the web into nip 314 along ' 
with molten plastic 310. As molten plastic 310 is forced by 
the pressure imposed upon it by the narrow space of nip 314 
it flows into cavities in cavity roller 318 and also into 
pores in the adjacent face of the loop material being 
carried by backing roller 316. in this way the loop 
material is intimately joined to the base of the forming 
hook fastener tape to form laminated product 300. 

For more detail about proper operation of the 
apparatus of Fig. 5 , the reader is referred to U.S. Patent 
5,260,015 to Kennedy, et al . , which discloses laminates made 
with heavier loop materials. 

The very low thickness and stiffness of the above- 
described loop material, along with its low cost and good 
closure performance, make it particularly useful for many 
touch fastener and filtering applications. Many examples of 
such uses are described in co-pending U.S. patent 
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application 08/922,292, the disclosure of which is 
incorporated herein by reference as if fully set forth 

One of the underlying principles embodied in the 
formation of self -erecting loop trees is that pull ing on a 
tangled bunch of fibers will for, knots. This phenomenon is 
true with regard to continuous fibers (as any fisherman 
knows) as well as to bunches of short fibers tangled 
sufficiently to form a coherent mass. Simply stretching a 
tangled mass of fibers is insufficient to form an adequate 
number of erect loop trees, however. The formation of an 
erect structure of the proper height, as shown in Fig 3A 
for instance, involves the tightening of adjacent fibers 
within the plane of the base of the mat about multiple tree- 
forming fibers at two spaced-apart points along each tree- 
forming fiber, which themselves remain untightened between 
such spaced-apart points. 

Figs. 7A-7C illustrate this tree-forming sequence 
For clarity, only one tree-forming fiber 400 is shown (in 
bold for distinction) , and only two tightening base fibers 
402 are shown. Preferably, an average of at least three or 
four tree-forming fibers will be drawn together at any given 
knot to form a single trunk. Referring first to Fig 7A 
all fibers are initially slack. As the fibers are pulled 
taut (Fig. 7B), fibers 402 tighten about fiber 400, drawing 
together spaced-apart points 400a and 400b into a tight 
entanglement 404 at the base of the loop structure 406 
formed by the segment of fiber 400 between points 400a and 
400b. The wicking of binder 408 into the interstices 
between fibers in knot 404 (Fig. 7C) adds rigidity to the 
trunk of the structure and its connection to the base 
Again, with multiple tree-forming fibers 400 drawn together 
at a common entanglement 404, this process forms a standing 
loop tree with multiple extended loops. 

- 22 - 



LO 



^ e t r^j^::z:7 apparatus and ™ 

apparatus includes . feedlr X 7 .TTi T 
blender boxes or fee* , 9 " ale brea ^rs, 

or teed boxes), which feeds at .„i. 

• desired length of drawn fibers to card T P * 3 

oarding maohines 112 card th T ° ? 9 112 ■ The 

oarded webs of fihers 14 1 h '° Pr ° dU " 

off aprons u 6 of Iros " app Z " ^ 

also have lapper aprons ru^l^TT^"™ "° 
in a reoiprooating motion. The oross ill , ^ 
webs 114 of f cross-lappers lay carded 

cm, 11 eMmPle ' 5bOUt 12 to 18 i-cha. (30 to 45 

:: t ::::: one inch <2 - s cm > — - - l 

uacc 124 of, for instance, about 90 to 120 
inches (2.3 to 3.0 m) in width and ^ 9 ° ° 120 

thickness. During carrfi™ -u inches (10 cm) m 

Pulled into a cloth- i k e mat c m * terlal ^ 
parallel fi bers . ITnZlTnT 9 ^ 
the carding direction th mat has " eXt8ndin9 " 

in the carding direct on but al t Stren9th PUUed 

in the carding cros I^ct on ^ c" ^ ^ 

— only fro. a few J^TS^^.'"^. 
important to note that m Q j. rs " It: ls 

note that the carding direction is not the 
machine direction of the fin,*h 0 H ^ 

tne rinished product. During 

crosslappmg, the carded fiber mat , a , ■ 
:T ag pattern, creating bat" ^^^e 

ir n h dla9 T £ib " S - — ■ which 

apron 122 than L di ~ Ctl ° n ' "»» «"»• 

apron 122 than they extend along its length. For instance 

we have used batt which has been crosslapped to foTl^ 
extending at anywhere fro. about S to 18 degrees frTm tT 
cross direction of the fini,h»H „ degrees from the 

tne fimshed product. The resultant 
crosslapped batt 124, therefore h„ resultant 

, cnerefore, has more cross direction 
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strength (i.e., across apron lM) ^ . t 

direction strength (i.e., al ong apron !22> . Note that the 

a? : n v irection ° f the finai ^ * 

as the direction along apron !22. Batt 124 has little 

' Lti7ia d iT cion stren9th b — the ^» 

merely laid upon one another and are in no way woven 
together. The material properties and the manufacturing 
process can be affected by the crosslapping angle T 
steeper angle may balance the cross and machine direction 
strong hs, which may affect fastener performance and he 
ease of manufacturinq with m „™ ■ 

" n 9- "ith more machine-directional 
crosslapping, in SO me cases the initial machine direction 
s retch described below may be eliminated while sti 1 
obtaining a useful product. 

In preparation for needling, batt 124 is gradually 
compressed in a tapered nip between floor apron !22 and a 
moving overhead apron 13s to reduce its thichnesso about 

zzt, A reiati ^ tw - - — -« - *n 

Needling of batt 124 is performed in multiple 
seguential needling stages in order to provide a very' high 
density of needle penetrations without destroying tZ low 
tensity batt. In the presently preferred method'fel i g 

s i ^ing fiber-engaging barbs on their 

sides. Needle punching qives th^ h^h 

, , s a Aves c ne batt cohesion. The needle 

arbs pull fibers from one layer o, the batt through ot 
layers entangling the fibers from different layers that are 
oriented in different directions. The resulting 
entanglements hold the batt together. 

From floor apron 122, the batt is passed to a first 
needle loom 140 with two needling stations i42 and 144 
having rows of notched (i.e., barbed, needles. Needling 
station 242 needles the batt o, staple fibers from its upper 
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surface at a density in the range of loo to 160 punches per 
square inch <1S to 2 = per square c m , . In tMs e L il If 

inch ,21 per square cm) . Subsequently, needling station. !44 
> needles the once-needled h»n- „ ,, . 144 

. . . neeaied batt a second time, with needles 

which penetrate the hatt fro. its upper surface at a d Lity 

in the range of 500 to 9 „0 punches per square inch (7 T t l " 

140 per square cm) to produce a needled batt 146. In thL 

example, the second neediing is at a density of 71s pj^ 

per square inch <m per square cm) . : We refer to the 

operation of loom !40 as the first needling stage 

frcTth?;! inf ° rmati0n °" - edli «9 P—es can be obtained 
from the Association of the Nonwoven Fabrics Industry (INDA) 
£££ -th caroiina, which pubiishes the ^^L^ 

passed :ii:i:::zzz7 r 9e * needied batt ^ - 

150 „M„„ >. ■! lnt ° a J " box sccumulator 

150 which, besides holding a ban* of: batt to accomodate 
variations in processing rates, allows the needied batt to 
relax and cool before entering the second needling stage 
A ternativeiy, the needied batt 146 may be spooied after 'the 
first needling stage, with subsequent operations performed 

Une - " matErialS ^ -^itions allow, the 
needled batt may be passed directly from the first neediing 
stage to the second needling stage without accumulation, but 
care should be taxen to ensure that the batt is sufficient^ 
cool and relaxed to withstand the second needling stage 

As a result of the needle punching, the fibers of 
the batt become highly randomized and chaotic. However, the 
underlying pattern of alternating diagonals remains 
unchanged, although obscured. 

Prom J-box accumulator ISO, needled batt 146 is 
pulled through a guider/spreader 152 (of, e.g., the one- 
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over-two configuration) to properly apply llght tension fcQ 
the batt as is customary for needling, without significant 
stretching of the batt. it then passes through a second 
needle loom 154 for a second needling stage. The operation 
of this second stage is referred to "super needling", as it 
is a very dense secondary needling operation and produces 
many loops of substantial loft. Loom 154 has a single 
needling station 156 in which needled batt 146 is needled 
from the lower side to produce high- loft loops extending 
from the upper side. To produce such loops, the sharp tips 
of the notched needles of loom 154 are extended a 
substantial distance (e.g., about 1/4 inch or 6.3 mm) beyond 
the thickness of the batt in the opposite direction as the 
needles of the first needling station, pushing individual 
fibers away from the bulk of the batt to form upstanding 
loops. When the needles retract, the loops remain. The 
loops may be formed of fibers which originally lay on the 
opposite side of the batt, or from fibers drawn from the 
middle of the batt. In either case, the needles drag fibers 
out of the batt and leave them extending from the bulk of 
the batt as loops which give one side of the super-needled 
batt a fuzzy appearance. 

This super-needling process does not require special 
needling bedplates or supporting brushes into which the 
needles extend, such as are employed in structured or random 
velour looms, although such techniques may be employed to 
advantage, e.g., where large loops are desired for use with 
large hooks. The super-needling is primarily characterized 
as an extremely dense needling, on the order of about 1000 
to 2000 punches per square inch (155 to 310 per square cm) 
or preferably about 1400 punches per square inch (217 per ' 
square cm) . Standard barbed needles are employed, such as 
triangular section 15x18x42x3 C222 G3017 felting needles 
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from Groz-Beckert. During this secondary needling 
operation, individual fibers of the batt are pushed through 
the loop side of the batt to produce loose, relatively lofty 
loops. Together, these loops give the loop side of the 
super-needled batt a fuzzy appearance and feel. Too much 
extension of the individual loop fibers at this point can 
cause them to break during subsequent stretching, so the 
distance the needles extend through the batt is selected in 
consideration of the denier and tenacity of the fibers used. 
We have found that extending the needles about 1/4 inch (6.3 
mm) beyond the batt works well for 6 denier fibers with a 
tenacity of about 3.5 grams per denier. 

In one embodiment, illustrated in Fig. io, needle 
loom 154 has an additional, second needling station 158. 
After producing high-loft loops extending from one surface, 
the batt is super needled in the other direction to produce 
loops extending from its other surface, such that both sides 
have extended loops. 

After leaving loom 154, super-needled batt 160 is 
split into two running 45 inch (114 cm) widths and spooled 
on rolls 162. As shown in Fig. 11, the fibers of batt 160 
have been entangled by the needle punching process to create 
loose entanglements throughout the batt. At this stage, the 
batt is not an acceptable loop product for many hook-and- 
loop fastening applications, as the individual loops may be 
relatively easily pulled away from the batt and are not well 
anchored at the entanglements. 

After super-needling, the loop definition, see Fig. 
11A, on the working side of the batt is also not as distinct 
as it can be after the stretching that is employed to 
produce products with loop trees. This structural 
difference can be seen by comparing Figs 11, ha with Figs. 
2 and 3, for instance. 
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In another embodiment (not illustrated) , the second 
needling stage is omitted. Instead, needle looms 142 and 
144 of the first needling stage (Fig. 9) are configured to 
super-needle the batt in both directions. Loom 142 needles 
the batt from the top at a rate of 254 punches per square 
inch (39 per square cm) , with the needles penetrating the 
batt and extending through the bottom of the batt a distance 
of 10.2 millimeters. Loom 144 then needles the batt from 
the bottom at a rate of 254 punches per square inch (39 per 
square cm) , with the needles penetrating the batt and 
extending through the top of the batt a distance of 7.1 
millimeters to form loops on the top side of the batt. The 
needles of loom 144 tend to take fibers that have been 
pushed through the bottom of the batt by the needles of loom 
142 and force them back up through the batt in the formation 
of topside loops. Although this process results in a 
relatively small number of loops on the bottom of the 
finished product, due to the first needling of loom 142, the 
resulting product has been found to be useful for some 
applications. The needling density, speed, and penetration 
of looms 142 and 144 may be varied to produce a product with 
substantially no backside loops, or with hook-engageable 
loops extending from both sides. 

The batt following super needling has a fair amount 
of loft and resiliency, with the loops and other fibers of 
the batt forming loose, gentle arches between entanglements. 
At this point the batt is very flexible, and the density of 
fibers gradually decreases away from either side of the 
material. At first glance, it can be difficult to tell 
which side has been super-needled, if only one side has been 
subjected to that action. Batt 160, in this example, has an 
overall thickness, including loops, of about 3/16 inch (4.8 
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mm) and a weight of between about 2 and 4 ounces per square 
yard (68 and 135 grams per square meter) . 

Referring to Fig. 12, a spooled length of super- 
needled batt 160 is spooled from roll 162 by drive rolls. 165 
and into a J-box accumulator 166, allowing roll 162 to be 
replaced and the batt spliced without interrupting further 
processes. The J-box also allows the batt to recover from 
any elastic deformation caused by the spooling process. 
Batt 160 is pulled from accumulator 166 through a guider 168 
to center the batt in the cross-machine direction. Guider 
168 includes three rolls in a two-over-one configuration. 
The first and second rolls 170 and 172 have left and right 
herringbone pattern scroll surfaces originating at the 
center of the roll that, being slightly overdriven, urge any 
wrinkles in the batt toward its edges to remove them. The 
third roll, roll 174, is a split braking roll to 
controllably tension either half of the batt to guide the 
fabric to the left or right as desired. 

From guider 168 the batt passes through a tension 
controller 176 that maintains a desired tension in the batt 
through the subsequent binder application process. 
Controlling the difference between the speed of tension 
controller 176 and downstream drive rolls 202 applies a 
desired amount of machine direction stretch to the batt 
prior to cross -machine stretching. In some cases, no 
substantial machine direction stretch is purposefully 
applied, any noted machine direction lengthening being due 
only to minimal web processing tension in the supply batt . 
In other cases, machine direction stretch is purposefully 
induced by running drive rolls 202 faster than tension 
controller 176. 

In the embodiment in which batt 160 has been super- 
needled to produce loops extending from only its front side 



188, batt 160 is next passed through a coating station 190 
in which a foamed, water-based adhesive 192 (i.e., a water- 
based adhesive, whipped to entrain air) is applied to the 
back side 194 of the batt across its width. 

r 

Referring also to Figs. 12A and 12B, the foamed 
liquid adhesive is pumped at a controlled rate through a 
long, narrow aperture 196 in the upper, surface of the 
applicator 198 as the batt is wiped across the aperture, 
thereby causing the adhesive to partially penetrate the' 
thickness of the batt. Positioning bars 200, on either side 
of aperture 196, are raised (Fig. 12A) and lowered (Fig. 
12B) to control the amount of pressure between batt 160 and 
applicator 198. The depth of penetration of the adhesive 
into the batt is controlled (e.g., by the flow rate and 
consistency of adhesive 192, the speed of batt 160 and the 
position of bars 200) to sufficiently coat or penetrate 
enough of the fiber entanglements to hold the product in its 
final form, while avoiding the application of adhesive 192 
to the loop- forming fiber portions of the front side 188 of 
the batt. The foaming of the liquid adhesive before 
application helps to produce an even coating of the back 
side of the batt and helps to limit penetration of the fluid 
adhesive into the batt. After the semi-stable foam is 
applied it has a consistency similar to heavy cream, but the 
bubbles quickly burst to leave a liquid coating that flows 
as a result of wetting and surface tension, into the 
tightening fiber entanglements. Alternatively, the foam may 
have a thicker consistency, more like shaving cream, to 
further reduce the penetration into the batt and form more 
of a distinct resinous backing. A non-collapsible (i.e., 
stable) foam of urethane or acrylic, for instance, is useful 
to produce a radio f requency-weldable backing which 
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functions as a water harrier q,,„v, , j « , 

carrier. Such a product has particular 

application to disposable garments and diapers. 

It is important that the binder (e.g., adhesive 192) 
not interfere with the loop-forming portions of the fibers 
on the front side 188 of the batt . It is not necessary that 
the knot bases be completely covered by binder; it is 
sufficient that they be secured by the binder in the 
finished product to stabilize the fabric against significant 
further stretching and to strengthen the bases of the loops 
Preferably, the binder is at least partially in liquid form' 
to wick into the entanglements before and while they are 
subsequently tightened during stretching. The capillary 
action of the liquid binder is such that examination of the 
finished product shows that the binder is almost exclusively 
at the knots of the web (at the base of the loops, for 
instance) , and therefore does not tend to adversely affect 
either the functionality of the free-standing loops or the 
flexibility of the web. 

After leaving coating station 190, the material is 
subjected to stretching in the plane of the web. m the 
presently preferred case the web is wound through variable 
speed drive rolls 202 and onto a tenter frame 204 for cross- 
machine stretching (i.e., stretching in the cross-machine 
direction) . The speed of drive rolls 202 is adjustable 
with respect to both tension control 176 and the rails 206 
of the tenter frame, to cause a predetermined amount of 
machine direction stretch in the batt, either between 
tension control 176 and drive rolls 202, or between drive 
rolls 202 and frame rails 206, or both. In some embodiments 
no permanent machine direction stretch is applied, but the 
batt is nevertheless held in tension to control adhesive 
penetration and maintain proper frame rail pin spacing in 
other embodiments the batt is generally stretched, in total, 
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between about 20 percent and 50 percent in the machine 
direction before tentering. 

As it enters tenter frame 204, the 45 inch wide batt 
160 is engaged along its edges by pins of frame rails 206 
that maintain the machine-direction dimension of the 
material as it is stretched in the cross-machine direction 
The spacing (of, e.g., about 3/16 inch or 4.8 mm) between 
adjacent pins is maintained throughout the length of the 
tenter frame, such that no additional machine-direction 
stretch is applied. Due to the needling, batt 160 should 
have enough tensile strength to be properly engaged by the 
rail pins and withstand the subsequent cross-machine 
stretching. 

Tenter frame 2 04 has a tapered section where the 
rails 206 separate at a constant, adjustable range rate over 
a machine-direction length of about 10 feet (3 meters) to a 
final width which can range from 45 inches (114 cm) to about 
65 to 69 inches (165 to 175 cm) . This equates to a cross- 
machine stretch, in this particular embodiment, of about 50 
percent. m general, to take advantage of the economics 
that can be realized according to the invention, the batt 
should be stretched to increase its area by at least about 
20 percent (we call this "percent areal stretch"), 
preferably more than about 60 percent areal stretch and more 
preferably more than about 100 percent areal stretch, to 
increase the area of the product while tightening the 
binder-containing entanglements of the batt that contribute 
to improvement in the strength of anchorage of the 
individual loops. We have found that in some cases the 
super-needled batt can be stretched, by employing the above 
method, at least 130 areal percent or more and provide very 
useful hook-engaging properties. The more the stretch, the 
greater the overall yield and the lighter in weight the 
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final product. Even greater overall cross-machine stretch 
percentages can be employed, for instance by using multiple 
Centering stages in situations wherein the batt is 
constructed to withstand the stretch and still be able to 
reasonably engage hooks. m one instance, the super-needled 
batt described above was stretched from an initial width of 
45 inches (114 cm) to 65 inches (165 cm) , softened (by 
adding a softener), slit to a 45 inch (114 cm) width, 
stretched a second time to a 65 inch (165 cm) width before 
applying a binder, and still had useful, hook-engageable 
loops. In some cases final product widths of 6 to 8 feet 
(1.8 to 2.4 meters) or even much mor^e can be achieved. 

In one embodiment, the non-woven web starting 
material used to manufacture the loop component is a fairly 
dense, needle punched, non-woven web of fibers lying in an 
apparently chaotic and tangled manned. One side, the "fuzzy 
side", has an excess of large, loose loop fibers created 
during a second needle punching process. The web is first 
stretched to 130 percent of its initial length in the 
20 machine direction. This stretching results in necking -- 
the material narrows to 80 percent of its initial width 
from 45 inches (114 cm) to 36 inches (91 cm). it is then 
coated with a binder. Next, it is stretched to 175% of its 
necked width, from 36 inches (91 cm) to 63 inches (160 cm) . 
During this process the material becomes much more sparse, 
with spider-like clusters of fiber (see bases B of Fig. 2B) 
serving to anchor the loop. The mechanism by which this 
change occurs relates to the method by which initial/non- 
woven web is manufactured. 

Referring to Fig. 14A, a cross-lapped and needled 
batt 420 generally has a smaller thickness (tj along its 
centerline than at its longitudinal edges (t e ) , due to the 
interrelation of motions of conveyor, carded webs and cross- 
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lappers during cross-lapping, which tend to create thicker 
batt edges (i.e., edges having a greater basis weight than 
the center of the batt) . The edge thickness may be 30% or 
more greater than the mid- thickness , and the basis weight of 
the batt generally varies across its width in proportion to 
its thickness. 

By taking such a variable- thickness batt, slitting 
it down its centerline into two widths 421 (of, for 
instance, 45 inches each in width), one of which is shown in 
Fig. 14B, and then stretching each width 421 to a final 
width about equal to the width of the original needled batt, 
as shown in Fig. i 4C , a useful loop product of uniform 
thickness is formed. The variation in thickness across the 
width of the slit batt is diminished as it is stretched, 
such that the final stretched web thickness (t g ) is 
substantially uniform across the width of the finished 
product. We believe that the mechanism for this thickness 
equalization is that the base fibers of the thinner regions 
of the batt are tightened first, thinning the thinner 
regions all the more, and then, when further stretching of 
the thinner regions is limited by their tightened fibers, 
the thicker regions are stretched until a matrix of taut' 
fiber portions is formed within them as well. m effect, 
the material is -drawn" in the cross-machine direction, as 
tensioning begins in the thinner areas of the batt and 
migrates or propagates to and through the thicker areas. We 
have found that the distribution of loop structures across 
the width of the finished product is substantially uniform, 
even when starting with an uneven batt. 

The amount of needling, the starting basis weight, 
and the stretchability of the batt are all related. Within 
a range of basis weight and needling density useful for 
creating a stretchable web, increasing either the basis 
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wexght of the starting batt or the needling density will 
decrease the amount of stretch that can be applied to the 
needled batt. As is known in the art, there is a minimum 
basis weight required for effective needling, below which an 
insufficient number of entanglements will be formed by the 
needling to produce a coherent web which can be handled 
without falling apart. At the other end of the spectrum 
too high of a basis weight can result in needle breakage 
and/or fiber breakage during needling. To produce the very 
light, thin loop material enabled by the invention, the 
basis weight of the starting batt and the needling density 
should be selected to permit a fair amount of stretch of the 
needled material, as it is the stretching that thins the 
needled product and increases its yield. In other words if 
the needled product is to be stretched, the needling process 
should leave a substantial proportion of the base fibers 
slack, and their entanglements loose. 

When loop material formed of a highly diagonal 
crosslapped batt is stretched in the machine direction it 
is observed that little tension is placed upon the 
constituent fibers. This is because the vast majority of 
the fibers run in a diagonal direction that lies close to 
the cross machine direction. Applying machine direction 
tension tends to increase the angles at which the diagonals 
lie (i.e., move them toward a 45 degree angle with the 
machine direction) . They become steeper, or are turned to a 
degree toward the machine direction, much like the angles of 
the legs on a folding chair grow steeper when the chair is 
opened. And just as the leg base of a folding chair gets 
narrower as the chair gets taller, so does the material tend 
to neck and lose width as it is stretched. This is 
evidenced by breaking a piece of such material in the 
machine direction: the fibers do not break, they merely pull 
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apart from each other. Recanqp i-it-f-i^ ■ 

aecause -Little tension is put on the 

fibers until they are nearly parallel, a mere 30 percent 
stretch does not disturb the chaotic arrangement of the 
fibers and little change can be seen under the microscope 
Even though the fibers are re-orienting, the arrangement " 
looks no less chaotic, since the fibers themselves are never 
brought under enough tension to straighten them out . 

The second stretch of the above embodiment, 
performed in the cross machine direction, produces drastic 
changes. Though somewhat more angled as a result of the 
first stretch, the fibers still extend more in the cross 
machine direction than in the machine direction. The fact 
that the fibers are oriented closer to cross machine 
direction means that a smaller elongation is required before 
the fibers are close enough to the cross direction to 
experience tension. Tension, when applied, causes the 
fibers to try to straighten themselves out and re-orient 
into the cross machine direction. if the web were not 
previously needle punched, the material would probably lose 
all cohesion at this point. However, the needle punching of 
the web causes fibers from different layers with different 
orientations to entangle one another. Because of these 
entanglements, the fibers cannot straighten. As cross 
machine tension is applied the entanglements tend to bunch 
together to generate knots that resemble "spiders" as they 
have a core with many taught legs emanating from the core in 
different directions. Each spider forms at a point where a 
needle caused an entanglement of multiple fibers, which 
tried to pull apart during the cross direction stretch. The 
bunching of the entanglements gives them the spider like 
appearance. Each loop of the fuzzy side corresponds to a 
point where a needle was punched through; consequently, 
after the cross direction stretch each fuzzy side loop 'lies 
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at the center of a corresponding spider-like knot. This was 
seen in one experiment where the functional loops (i e the 
outer region of the fuzzy side) of the product were colored 
purple. All of the purple in the colored product was 
visible at the centers of the spiders formed at the bases of 
the loops. On the other hand, when the non-fuzzy side of 
the fabric was colored, no gathering of color at the center 
of the spiders was observed. Only the fuzzy side, 
functional loops corresponded to needle punches, and only 
these loops were observed to have spiders form around them. 
It is believed that the presence of the loop and its 
corresponding entanglement is largely responsible for the 
formation of the spider or knot. The fact that a loop is 
pulled through the web means that there is now a vertical 
fiber (i.e., a fiber extending out of the plane of the web) 
around which the horizontal fibers of the web entangle. 
Thus most loops in the finished loop tape have a spider at 
their base, which provides increased: strength for anchoring 
the loop. ; 

Stretching the experimental, purple-looped sample 
past the point at which the loops are of maximum height 
tended to draw the purple tinted loops back into the plane 
of the web. The greater the stretching, the smaller the 
loops grew, until finally they began to pull out of their 
entanglements. As this happened, the spider that had formed 
around them disappeared and the entangled fibers 
straightened and sank back into the web. With increased 
stretching, after many loops are drawn back and their 
entanglements vanish, the material loses its cohesion, the 
fibers slide past one another, and the material parts. 

From this examination, it appeared that the material 
is stronger in the cross machine direction, attributed to 
the fact that the carded fabric is cross-lapped at an angle 
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closer to this direction. By changing the carding angle 
progressively away from the cross-machine direction, more 
strength in the machine direction should be achievable. 
Also, machine direction stretching tends to re-orient the 
fibers towards the machine direction. However, since they 
begin close to cross direction, the mere 3 0 percent 
elongation that the material undergoes in the above- 
described longitudinal stretching is insufficient to place 
enough tension on the fibers to straighten them or to cause 
spiders or knots to form. However, machine direction 
stretching is considered important for highly cross- 
directional crosslapped batts, which would otherwise have a 
lay which is too cross-directional for a uniform cross 
direction stretch to be achieved; in that case the fibers 
are so close to cross-directional that they do not entangle 
as significantly, nor are they properly spaced in the final 
product. Instead, they remain very near to each other and 
nearly parallel. When the spiders do form in such 
instances, they are elongated in the cross direction and 
very close together, and the end material is much more 
dense . 

Because in the above-described embodiment the fibers 
are already more cross -directional than machine-directional, 
and because the cross direction stretch applied is greater, 
the fibers are placed under tension during cross direction 
elongation. Fibers entangled during needle punching tend to 
clump together, and as the fibers tend to straighten, these 
entanglements form spider- like radial patterns of fibers. 

It was also noted that spiders form at the location 
of functional loops created by deep needle punching, the 
fibers of which have been drawn through some or all of the 
web. Consequently, the loop fibers entangle the other 
fibers and form spiders. This means that in the finished 
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product, the loops have spiders at their base, locking the 
loop fibers into the web. 

Another way of saying this is that the "loop trees" 
(see Fig. 3B) , which do not distinctly appear in the pre- 
stretched batt, obtain their final form as fibers of the' 
ground portion of the web are pulled and the entanglements 
beneath them are tightened during stretching to form knots. 
As the batt is stretched, the tension in the taut fibers of 
the web forces some of the loop trees to stand erect, such 
that the overall thickness of the stretched batt (with 
functional loops) can actually be greater than the 
unstretched batt. To extend the horticultural analogy, the 
homogeneous thicket of the loop surface of the unstretched 
batt becomes the orchard of spaced clusters of the stretched 
product. Although the loop trees or loop formations 
correspond to locations where the batt was punched during 
super-needling, the resulting "orchard" of loop formations 
does not exhibit the same ordered pattern, after the web is 
stretched, as might be anticipated by the pattern of punches 
of the needling process. We believe that the arrangement of 
loop formations is randomized during the stretching process, 
as distances between entanglements change as a function of 
the properties, direction and number of the fibers 
connecting various nodes. The resulting product has no 
apparent order to the arrangement of loops extending from 
its surface. 

Despite the relatively wide loop spacing that is 
achieved, the loops, after curing of the binder, are found 
to be so strongly anchored and so available for engagement 
by the hooks, that a web unusually treated according to 
these techniques can perform in an excellent manner despite 
having a gossamer appearance. 
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Referring back to Fig. 12, while the stretched batt 
is held on frame rails 206 in its stretched condition it is 
passed through an oven 208 in which the product is heated to 
dry and cross-link acrylic binder 192 and stabilize the 
dimensional integrity of the batt. Oven 208 is essentially 
a convection drier with air venturi nozzles which blow hot 
air up into and down onto the web to evaporate some of the 
water of the adhesive. In this example, the heating time 
and temperature are about one minute and 375 degrees F (190 
degrees C) , respectively. m some embodiments (not shown), 
the batt is retained on frame rails 206 for secondary 
coating passes through additional coating stations and 
drying ovens, thereby building up a desired laminate 
structure for particular applications. 

In another embodiment, hook-engageable loops are 
formed on both sides of the web by needling, by the super- 
needling techniques acting on staple fibers that have been 
described, or by other known techniques. After forming the 
loops the web is passed through a bath of binder. m some 
cases, where the loops are relatively stiff and the binder 
is of suitably low viscosity, after removal from the bath 
the binder drains from the loops and the loops, by their own 
resiliency and stiffness resume their free-standing stance 
while capillary action retain the binder in the center of 
the fabric. The web is then subjected to stretching and 
curing as above. 

In other instances, as where the loop material is 
less stiff, auxiliary means are employed to remove excess 
binder after passing through the bath, as by passing the 
fabric through a nip of squeeze rolls, or by subjecting both 
sides of the fabric to an air knife, or by blotting 
followed, in each case for instance by blowing air or 
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otherwise loosening the loops and causing them to stand 
upright . 

Other embodiments carrying hook- engage able loops on 
one or both sides, and incorporating heat-fusible binder 
fibers or other heat -fusible binding constituents, are 
bonded by non-contact means such as by blasts of hot air 
directed at both sides of the fabric at temperatures 
sufficient to melt the heat-fusible binding material and 
lock the fabric structure in its stretched condition. 

Heat fusible fibers or other -.material colored black 
or otherwise adapted to absorb radiant heat, may be 
activated by radiant heaters to bind the ground portion of 
the fabric following stretching. Care must be taken, in 
such instances, to avoid mitigation of the engagement 
15 properties of the free-standing loops. 

Referring back to Fig. 12, the stretched batt exits 
oven 208 still attached to the pins, and is then pulled from 
the pms by a de-pinning device 210 and a pair of drive 
rolls 212. The finished, wide batt is then slit, if 
desired, into appropriate multiple widths by a slitter 214 
and spooled on a driven surface winder 216. A dancer 218 
between drive rolls 212 and slitter 214 monitors the tension 
in the batt to control the speed of winder 216. Slitter 214 
can also be used to trim off the edges of the batt that 
include the material outboard of the frame rails through the 
tenter frame. Optionally, the finished batt can be brushed 
before or after spooling to disentangle loosely-held loop 
fibers to improve the consistency of the closure performance 
between the first and subsequent engagements with a hook 
30 product. 

Alternatively, heated rolls, "hot cans" or platens 
may be employed to stabilize the back side of the fabric in 
its stretched condition. This embodiment does not require a 
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coating or adhesive when using thermoplastic fibers, as the 
fibers are locally fused together by heat. Cooled rolls 
engage the loop side of the fabric during stabilization, to 
prevent damage to the hook-engageable loops. 

It will be understood that the above-described 
stretching technique can be employed to advantage on other 
stretchable, loop-defining non-woven webs. Thus, in its 
broadest aspects, the invention is not to be limited to the 
use of needled webs. Webs formed by hydro or air current 
entanglement can, for instance, be employed. 

Figs. 13 and 13A illustrate a method of forming an 
entangled, stretched web from a spun fiber mat. A 
continuous base fiber 410 is spun onto a supporting surface 
between tenter frame rails 412, forming overlapping coils of 
spun fiber that drape over each other and about the pins 414 
of the tenter frame. Base fiber 410 is spun from molten 
resin from one or more rotating or oscillating nozzles 432 
above the tenter frame, and allowed to fall loose to the 
tenter frame, such that in its spun and laid state the fiber 
is not in tension. The base fiber is sufficiently soft at 
this point in the process that overlapping layers of coils 
are draped into one another, with portions of upper coils at 
a lower elevation than portions of adjacent coils. A useful 
analogy for visualizing the mass of coils so draped is to 
consider a single length of rope randomly and loosely draped 
in overlapping coils onto a level surface. Some of the 
coils at the edges of the mat of fiber so formed encircle 
pins 414 of the tenter frame rails. Preferably, at least 
one base fiber 410 extends the full width of the tenter 
frame, encircling pins 414 on both sides. The base fiber 
(or fibers) will primarily form the stretched base of the 
final product, from which the loop formations extend. 
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Either during the lay-down of base fiber 410, or 
immediately thereafter, one or more layers of staple' fibers 
(not shown) are laid upon the mat of the base fiber. These 
fibers may be blown onto the mat, for instance, in a 
continuous process during the spinning of base fiber 410' 
such that staple fibers are deposited between overlapping 
portions of base fiber 410. m this illustration, the width 
W x of the as-laid fiber mat is about 36 to 50 inches, and 
the staple fibers are only about 4 or 5 inches in length. 

Base fiber 410 is subsequently stretched, preferably 
in two perpendicular directions, by pulling its coils which 
encircle the tenter frame pins 414. The pulling and 
stretching is accomplished by the relative motions of the 
tenter frame pins, both in the machine direction (the ratio 
of D 2 to Dl is about 1.5:1) and in the transverse direction 
(W 2 is about 70 to 100 inches), such that the base fiber is 
pulled in both directions simultaneously. As the mat is 
pulled, overlapping coils of the base fiber 410 (or fibers) 
slide over one another and become entangled with either each 
other or the staple fibers, forming a random array of spaced 
apart entanglements 416 connected by taut portions 418 of 
base fiber 410. Some portions of base fiber 410 remain 
slack, but the stretching tightens enough portions of the 
base fiber to form a planar web. At a substantial number of 
entanglements 418 an extending loop structure (or tree) is 
formed, consisting primarily of one or more staple fibers 
drawn up by the forming entanglement, with an occasional 
loop of base fiber 410. The stretched web is thereafter 
stabilized in its stretched condition by application of a 
binder (as described above) or by lamination to a supporting 
material . 

In the continuous monofilament base-forming 
technique illustrated in Figs 13 and 13A, it is important 
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that the unstretched batt be so constructed that a 
sufficient density of entanglements form upon stretching. 
In needled batts, entanglements are formed about fiber 
portions that locally extend perpendicularly to the plane of 
the batt, having been pushed into and perhaps through the 
batt by needles. Entanglements can be formed in the 
continuous monofilament process by several mechanisms. For 
instance, appropriately layering overlapping coils (or slack 
sections) of a single base fiber can result in an 
entanglement upon stretching if top coils are allowed to 
drape down within two or more lower coils. Two or more base 
fibers can be spun in a pattern selected to cause the fibers 
to cross at several points, creating cross-over points at 
which the fibers pull against each other during stretching. 
The staple fibers, especially if blown into the batt during 
the laying of the base fibers, can also form obstructions 
that result in tightenable entanglements upon stretching. 
In addition, the spun base fibers may be accelerated into 
the batt in a manner that causes portions of the base fibers 
to assume locally perpendicular orientations, extending into 
the batt between adjacent fibers. 

In most cases where significant strength performance 
is desired, it is preferable to employ non-woven materials 
formed of staple fibers to take advantage of their drawn, 
molecular oriented structure, or other fibers of the 
substantial tenacity. We have found that loops formed of 
crimped staple fibers work particularly well, as the crimps 
of the fibers help to hold the loops apart from each other 
and exposed for engagement, as well as permitting greater 
hook penetration of the "forest" of loop structures. The 
crimps can also assist in the formation of the loop 
structures, as they form snag points for enhancing the 
entangling of the base fibers. 
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Inter-fiber friction is known to be important for 
efficient needling. Because of its higher friction, 
polyester is considered to be a better fiber material for 
needling than polyethylene, even though polyethylene can 
provide a better hand for some applications. For products 
tightened by stretching rather than hyper -needling, however 
lower needling efficiencies can be tolerated, enabling the ' 
use of low-friction, good hand materials like polyethylene. 

Fig. 15 shows an enlarged portion of a variable 
thickness staple fiber 422 useful for forming loops. Along 
its length, the thickness of the fiber undulates to give the 
fiber an hourglass shape, having alternating thicker regions 
424 and thinner regions 426. These thickness variations, 
which are exaggerated in the figure for illustration, create 
snag points during entanglement in a similar fashion as do 
the crimps of crimped fibers. p 

Besides being useful for loop- forming fibers, 
crimped or variable thickness fibers: are also useful for 
forming the stretched base web. The : crimps or thickness 
variations help to entangle base fibers as they slide 
against one another during tightening. As known in the art 
of needling, crimps can also improve needling efficiency. 
In the embodiment illustrated in Fig. 13, the spun base 
fiber 410 can be effectively -crimped" by subjecting the 
spun fiber as it leaves its nozzle to a series of transverse 
air blasts from one or more directions. An hourglass 
thickness variation can be produced in spun fibers by 
modulating the ambient air pressure just outside the opening 
of the nozzle. 

As mentioned above, in certain applications the 
stretched is advantageously secured to a supporting material 
in its stretched condition. Fig. is illustrates a laminate 
consisting of the stretched web 428 formed by one of the 



processes described above and a layer of polyurethane foam 
430 flame-laminated to its non-loop surface. Ideally, resin 
of the foam wicks into the entanglements of the base of the 
loop material to stabilize the material in its stretched 
condition. However, a small amount of binder may be added 
to the base of the web before being introduced to the foam, 
if necessary to maintain the dimensional stability of the ' 
stretched web prior to lamination. Such a laminated product 
is useful, for instance, in medical applications such as for 
straps and braces which must be loaded directly against the 
skin. The foam provides necessary comfort, while the loop 
material provides fastener hook engageability . 

Other features and advantages of the invention will 
be realized, and are within the scope of the following 
claims. 

What is claimed is: 



